INTRODUCTION {#sec1-1}
============

With encouraging results obtained in the first part of the study, a clinical study was planned with the purpose to evaluate the clinical efficacy and remineralization potential of two high fluoride releasing materials, i.e. glass ionomer Type VII (GC VII) and silver diamine fluoride (SDF) as indirect pulp capping materials and to compare it against Ca(OH)~2~ in deep carious lesions.

MATERIALS AND METHODS {#sec1-2}
=====================

The research was approved by the Institutional Ethics Committee of the All India Institute of Medical Sciences. Sixty subjects of either gender in the age group of 18--35 years, having deep carious lesions in permanent first and second molars, were recruited if they confirmed with the inclusion and exclusion criteria. Informed written consent was taken.

Inclusion criteria {#sec2-1}
------------------

Patients with good state of general health and absence of any chronic systemic disease, presenting with a large (preferably only occlusal) carious lesion with abnormal sensitivity to hot and cold suggestive of reversible pulpitis were included in the study.\[[@ref1]\] Radiographic examination showed normal lamina dura and periodontal ligament space. Those with history of spontaneous or severe throbbing pain or tenderness on palpation/percussion were excluded.

A study performa was designed which included demographic details, chief complaints and recording of all the subjective and objective symptoms, radiographic findings and the follow-up recordings.

After rubber dam application, the tooth was opened aseptically using a cylindrical diamond bur in a high-speed hand piece.\[[@ref1]\] The cavity was enlarged sufficiently to expose the deep carious lesion for proper examination and sample collection. After penetrating the dentino-enamel junction, gross caries was removed using large, no. 4 round bur in a slow-speed hand piece. The last layer of soft, discolored dentin was removed with a sharp spoon excavator from the mesial or distal half of the cavity on a random basis and was noted on the patient record. This was weighed and approximately 0.4 mg of carious dentin was placed in a small glass vial for mineral evaluation.

Subsequent to this, one of the test materials, 1.5--2 mm in thickness, was placed over the remaining discolored dentin and the cavity was sealed with Cavit. Selection of the test material to be placed was done by random selection basis. An envelope containing 60 chits was prepared with 20 each for three different test materials, and the patient was allowed to take one chit from the envelope. The material as per that chit was placed in the cavity.

The patients were followed up at 1, 3, 6 and 12 weeks for any signs or symptoms of discomfort, pain or swelling clinically. At 12 weeks, radiographic evaluation was also done. At 3 months, the restoration was removed under rubber dam and the sample as described above was collected from the other half of the cavity which was left in the first appointment and submitted for evaluation of mineral content.

For estimation of calcium, phosphate and fluoride ions, wet digestion method was used. As described in Part I of the study, estimation of calcium ion was done by atomic absorption spectrophotometery, phosphate by colorimetric analysis and fluoride by potentiometric titration analysis.

Statistical analysis {#sec2-2}
--------------------

The data were defined by two parameters, the mean and the percentage change in the mean. The variables obtained were analyzed by the parametric tests. One-way Analysis of Variance (ANOVA) was used to test for significance of differences between class means of all the groups.

RESULTS {#sec1-3}
=======

There was no statistically significant difference in the calcium, phosphate and fluoride levels of the three groups preoperatively \[[Table 1](#T1){ref-type="table"}\], which indicates the uniformity of the samples.

###### 

Descriptive statistics of mineral content in various groups

![](JCD-14-233-g001)

In post-treatment samples, in Ca(OH)~2~ group, increase in the calcium level was significant, but the increase in the phosphate and fluoride levels was not significant. In both GC VII and SDF groups, there was significant increase in the calcium, phosphorous and fluoride levels as seen from \[[Table 2](#T2){ref-type="table"}\]. Postoperative calcium level showed statistically significant difference in ions after application of Ca(OH)~2~, SDF and GC VII. But Ca(OH)~2~ and GC VII exhibited more calcium deposition as compared to SDF. However, the increase was statistically not significant.

###### 

Intergroup comparison of mean differences in calcium, phosphate and fluoride levels with test materials

![](JCD-14-233-g002)

Postoperative phosphate level showed statistically significant difference in SDF and GC VII groups but not in Ca(OH)~2~ group. The increase in phosphate level was the highest in GC VII group.

Postoperative fluoride level showed statistically significant difference in SDF and GC VII groups. GC VII exhibited higher fluoride deposition when compared to SDF, but the difference was not statistically significant, which is contrary to the findings of the *ex vivo* study.

DISCUSSION {#sec1-4}
==========

The Indirect Pulp Capping procedure is based on the theory that a zone of affected, demineralized dentin exists between the outer infected layer of dentin and the pulp.\[[@ref2]\] When the infected dentin is removed, the affected dentin can be remineralized and the odontoblasts can form reparative dentin, thus avoiding the pulp exposure. Physiologic remineralization is a dynamic process which requires viable collagen fibers and odontoblastic processes in the last layer of carious dentin. The sound collagen fibers function as a base on to which apatite crystals can attach. The living odontoblastic processes supply calcium phosphate from the vital pulp for physiologic remineralization.

Fusayama *et al*. proved that softening of dentin always precedes bacterial invasion and leaves a layer that is soft but not infected.\[[@ref3]\] Indirect pulp capping involves removal of the outer layer of carious dentin, thus eliminating majority of the bacteria from the lesion. When the lesion is sealed, the substrate on which the bacteria thrive to produce acid and cause subsequent demineralization is removed.\[[@ref4][@ref5]\] Although carious dentin left in the tooth probably contains few bacteria, the number of these bacteria is greatly diminished when this layer is covered with a suitable indirect pulp capping material which can seal the microorganisms in the tubules. In the absence of nutrients (such as decalcified, softened carious dentin and food debris in open carious lesions), the few remaining microorganisms in the dentinal tubules do not remain viable.\[[@ref6][@ref7]\] Further, if the pulp capping material can denature the softened carious dentin and also promote its remineralization, the micro-environment in the tooth will tilt toward regeneration in the form of laying down of reparative/tertiary dentin.\[[@ref6]\]

Various materials have been used for indirect pulp capping which include calcium hydroxide, zinc oxide eugenol, glass ionomer cement (GIC) and composite.

Calcium hydroxide has remineralizing potential due to its unique mechanism of action which has been tested and used for many years, and considered gold standard for indirect pulp capping.\[[@ref8]\] It has two enzymatic properties: The property of inhibiting bacterial enzymes by means of hydroxyl ions that act on the cytoplasmic membrane of bacteria (generating the antibacterial effect) and that of activating tissue enzymes, such as alkaline phosphatase, leading to its mineralizing effect. The pH for activation of this enzyme varies with the type and concentration of substrate, with temperature and with the source of enzyme. The formation of mineralized tissue after contact with calcium hydroxide has been observed from about the 7th to the 10th day.\[[@ref6][@ref9]\]

GIC was first described by Wilson\[[@ref3]\] as the product of an acid-base reaction. Positive characteristics of GICs include chemical adhesion to enamel and dentin in the presence of moisture, resistance to microleakage, good marginal integrity, and dimensional stability at high humidity, biocompatibility, fluoride release and rechargeability. Sustained release of fluoride contributes to its popularity as a restorative material. Fluoride releasing components in GIC include fluoroaluminosilicate glasses, stannous fluoride, organic amine fluorides and ytterbium fluoride. The strontium present in can wholly replace calcium as it has similar ionic radius and valence to that of calcium, without disrupting the glass structure.\[[@ref6]\]

Fluoride release from GIC is shown to inhibit demineralization and enhance remineralization of lesion close to restoration of surrounding dentin or enamel *in vitro*.\[[@ref10]\] Therefore, remineralization of carious dentin that is intentionally left on cavity floor is expected to be enhanced by fluoride release from GC, more so from type VII, which is a high fluoride releasing GIC. The level of fluoride release from Fuji VII is much higher than any other glass ionomer. Fuji VII releases approximately three times more fluoride than Fuji I and six times more than Fuji IX.\[[@ref11][@ref12]\] It is easier to apply and the setting time can be accelerated and moisture critical time is reduced.

The utilization of SDF as a cariostatic agent is not novel. Recent reports of its effect in deciduous teeth follow classic studies which had reported its utility in the treatment and prevention of caries in these teeth.\[[@ref13][@ref14]\] It releases fluoride and helps in the deposition of silver phosphate to restore the mineral content, resulting in rehardening of the tooth structure. The fluoride released from silver diamine can penetrate better into dentin than into enamel due to greater amount of protein substrate, carbonates and phosphates in dentin for reaction.

We evaluated SDF as an indirect pulp capping material in the present study for the first time. Yamaga *et al*. have reported its use in the treatment and prevention of caries in deciduous teeth.\[[@ref13]\] Llorda *et al*. documented its caries preventing efficacy in permanent first molars.\[[@ref15]\] In the present study, SDF increased calcium, phosphate and fluoride ions in caries affected dentin, the highest being fluoride ions. The calcium ions may have migrated from the pulpal blood as SDF does not leach out any calcium ions. The increase in calcium ion was lesser in SDF group than that seen in Ca(OH)~2~ group. This further strengthened our hypothesis that increase in calcium ion in Ca(OH)~2~ group could be ascribed to both from Ca(OH)~2~ as well as from pulpal blood. As there was no calcium ion from SDF, the net increase was lesser than that in Ca(OH)~2~ group. The increase in phosphate ions could be attributed to deposition of silver phosphate, as blackish discoloration beneath the site of application of SDF was seen at re-entry in majority of the cases. The increase in fluoride ion could be attributed to leaching of fluoride ions from silver diamine fluoride.

Yamaga *et al*.\[[@ref13]\] attributed the increased hardness of dentin to deposition of silver phosphate in SDF. Russo *et al*., however, warned about possible pulpal injury associated with SDF.\[[@ref12]\] In the present study, two of the patients reported symptoms of irreversible pulpits after application of SDF. However, there could be an error in case selection, as clinical findings and histological picture do not always necessarily coincide.

In the present study, GIC VII increased calcium, phosphate and fluoride ions in caries affected dentin. As described in SDF group, GIC VII also does not leach out any calcium ions; hence, the calcium ions may have migrated from the pulpal blood. The increase in calcium ion was equivalent to that seen in Ca(OH)~2~ group. Also, there was a significant increase seen in phosphate ion concentrations. There was no plausible explanation for this increase. One reason might be the movement of phosphate ions through dentinal tubules along with calcium ions in the process of remineralization. GIC provides an excellent seal with dentin and thus provides a conducive environment for remineralization. There was also a significant increase in fluoride ion concentration after placement of GIC VII. This was expected as GIC is known to provide a "boost" of fluoride ions, thus helping in remineralization of dentin.

CONCLUSIONS {#sec1-5}
===========

The results of mineral content analysis in this study indicate that almost equivalent rise in the percentage of calcium ions was seen in GC VII and Ca(OH)~2~ group, followed by SDF group. Highest percentage of rise in phosphate ions was seen in GC VII group followed by SDF and Ca(OH)~2~ groups. Highest increase in fluoride ions was seen in GC VII, followed by SDF and Ca(OH)~2~ groups. The results indicated that both GC VII and SDF can be used as potential substitutes to Ca(OH)~2~ for indirect pulp capping. Further studies with larger sample size are required to validate the results and to recommend SDF and GC VII as standard indirect pulp capping materials.
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